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POSITIVE PHOTOSENSITIVE 
COMPOSITION, PATTERN FORMING 

METHOD USING THE COMPOSITION AND 
RESIN FOR USE IN THE COMPOSITION 

TECHNICAL FIELD 

[0001] The present invention relates to a positive photosen 
sitive composition for use in the process of producing a semi 
conductor such as IC, in the production of a circuit board for 
liquid crystal, thermal head and the like or in other photo 
fabrication processes, and a pattern forming method using the 
composition. More speci?cally, the present invention relates 
to a positive photosensitive composition suitable for the pro 
cess using an exposure light source that emits, for example, a 
far ultraviolet ray at a Wavelength of 220 nm or less or using 
an irradiation source such as electron beam source, a poly 
meriZable compound, a resin, and a pattern forming method 
using the same. 

BACKGROUND ART 

[0002] A chemical ampli?cation resist composition is a 
pattern forming material of forming a pattern on a substrate 
by producing an acid in the exposed area upon irradiation 
With an actinic ray or radiation such as far ultraviolet light and 
through a reaction using the acid as a catalyst, changing the 
developer solubility of the area irradiated With an actinic ray 
or radiation and that of the non-irradiated area. 

[0003] In the case of using a KrF excimer laser as the 
exposure light source, a resin having small absorption in the 
region of 248 nm and having a basic skeleton of poly(hy 
droxystyrene) is primarily used as the main component and 
therefore, this is an excellent system capable of forming a 
good pattern With high sensitivity and high resolution com 
pared With conventional naphthoquinonediaZide/novolak 
resin systems. 
[0004] On the other hand, in the case of using a light source 
of emitting light at a shorter Wavelength, for example, in using 
an ArF excimer laser (193 nm) as the exposure light source, a 
satisfactory pattern cannot be formed even by the above 
described chemical ampli?cation system, because the com 
pound having an aromatic group substantially has large 
absorption in the region of 193 nm. 
[0005] In order to solve this problem, a resist containing a 
resin having an alicyclic hydrocarbon structure has been 
developed for the use With an ArF excimer laser. 
[0006] Various improvements are being made also to the 
acid-decomposable resin that is a main constituent compo 
nent of the chemical ampli?cation resist composition, and a 
speci?c acid-decomposable resin is disclosed, for example, in 
Non-Patent Documents 1 and 2. 
[0007] Furthermore, various improvements are being made 
also to the resin having a lactone structure, and a resin having 
a speci?c lactone structure is disclosed, for example, in Patent 
Document 1. 
[0008] HoWever, at the formation of a ?ne pattern having a 
line Width of 100 nm or less, it is required to improve not only 
resolution but also performance in terms of line edge rough 
ness of a line pattern. 

[0009] The line edge roughness as used herein means that 
the resist edge at the interface betWeen the line pattern and the 
substrate irregularly ?uctuates in the direction perpendicular 
to the line direction due to resist characteristics and When the 
pattern is observed from right above, the edge gives an uneven 
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appearance (approximately from :several nm to :several tens 
of nm). The unevenness is transferred to the substrate through 
an etching step and When the unevenness is large, this causes 
deterioration of electrical properties and reduction in the 
yield. 
[0010] Non-Patent Document 1: Polymer 43, (2002) 1963 
1 967 
[0011] Non-Patent Document 2: The International Society 
of Optical Engineering, Proceedings of SPIE, 1 10-119 (2002) 
[0012] Patent Document 1: JP-A-2001-33971 (the term 
“JP-A” as used herein means an “unexamined published 
Japanese patent application”) 

DISCLOSURE OF THE INVENTION 

Problems that the Invention is to Solve 

[0013] Accordingly, an object of the present invention is to 
provide a positive photosensitive composition ensuring Wide 
exposure latitude and reduced line edge roughness not only in 
normal exposure (dry exposure) but also in immersion expo 
sure even at the formation of a ?ne pattern of 100 nm or less, 
and a pattern forming method using the composition. 

Means for Solving the Problems 

[0014] The present invention is as folloWs. 
[0015] [1] A positive photosensitive composition, charac 
teriZed by comprising: 
[0016] (A) a resin containing a repeating unit represented 
by the following formula (I) and being capable of increasing 
a solubility in an alkali developer by an action of an acid; and 
[0017] (B) a compound capable of generating an acid upon 
irradiation With an actinic ray or radiation: 

(1) 

[0018] in formula (I), each of R1 and R2 represents a 
monovalent organic group, and R1 and R2 may be the same or 
different and may combine With each other to form a cyclic 
structure; 
[0019] each of R3 to R6 represents a hydrogen atom or a 
monovalent organic group, and R3 to R6 may be the same or 
different and may combine With each other to form a cyclic 
structure; 
[0020] L 1 represents a divalent linking group; 
[0021] L2 represents a single bond or a divalent linking 
group; 
[0022] each of m and n represents an integer of 0 to 5, and 
m+n is 3 or more; 

[0023] R7 represents a hydrogen atom, an alkyl group or a 
4CH24OiRa group, Wherein Ra represents a hydrogen 
atom, an alkyl group or an acyl group; and 
[0024] p represents an integer of 1 to 3. 
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[0025] [2] The positive photosensitive composition as 
described in [1] above, characterized in that the resin of the 
component (A) further contains a repeating unit having a 
lactone structure. 

[0026] [3] The positive photosensitive composition as 
described in [1] above, characterized in that the resin of the 
component (A) further contains a repeating unit capable of 
decomposing by an action of an acid to produce an alkali 
soluble group. 
[0027] [4] The positive photosensitive composition as 
described in [2] above, characterized in that the resin of the 
component (A) further contains a repeating unit capable of 
decomposing by an action of an acid to produce an alkali 
soluble group. 
[0028] [5] A resin, characterized by comprising a repeating 
unit represented by the following formula (I): 

(I) 

[0029] in formula (I), each of R1 and R2 represents a 
monovalent organic group, and R1 and R2 may be the same or 
different and may combine With each other to form a cyclic 
structure; 
[0030] each of R3 to R6 represents a hydrogen atom or a 
monovalent organic group, and R3 to R6 may be the same or 
different and may combine With each other to form a cyclic 
structure; 
[0031] L 1 represents a divalent linking group; 
[0032] L2 represents a single bond or a divalent linking 
group; 
[0033] each of m and n represents an integer of 0 to 5, and 
m+n is 3 or more; 

[0034] R7 represents a hydrogen atom, an alkyl group or a 
iCH24OiRa group, Wherein Ra represents a hydrogen 
atom, an alkyl group or an acyl group; and 

[0035] p represents an integer of 1 to 3. 
[0036] [6] A polymerizable compound represented by the 
folloWing formula (I'): 

(1') 
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[0037] in formula (I'), each of R1 and R2 represents a 
monovalent organic group, and R1 and R2 may be the same or 
different and may combine With each other to form a cyclic 

structure; 
[0038] each of R3 to R6 represents a hydrogen atom or a 
monovalent organic group, and R3 to R6 may be the same or 
different and may combine With each other to form a cyclic 

structure; 
[0039] L 1 represents a divalent linking group; 

[0040] L2 represents a single bond or a divalent linking 
group; 

[0041] each of m and n represents an integer of 0 to 5, and 
m+n is 3 or more; 

[0042] R7 represents a hydrogen atom, an alkyl group or a 
4CH24OiRa group, Wherein Ra represents a hydrogen 
atom, an alkyl group or an acyl group; and 

[0043] p represents an integer of 1 to 3. 

[0044] [7] A pattern forming method, characterized by 
comprising: 

[0045] steps of forming a ?lm from the positive photosen 
sitive composition described in any one of [l] to [4] above; 
and 

[0046] subjecting the ?lm to exposure and development. 

ADVANTAGE OF THE INVENTION 

[0047] According to the present invention, a positive pho 
tosensitive composition ensuring Wide exposure latitude and 
reduced line edge roughness not only in normal exposure (dry 
exposure) but also in immersion exposure, a pattern forming 
method using the positive photosensitive composition, and a 
compound for use in the positive photosensitive composition 
can be provided. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0048] The best mode for carrying out the present invention 
is described beloW. 

[0049] Incidentally, in the present invention, When a group 
(atomic group) is denoted Without specifying Whether substi 
tuted or unsubstituted, the group includes both a group having 
no substituent and a group having a substituent. For example, 
an “alkyl group” includes not only an alkyl group having no 
sub stituent (unsubstituted alkyl group) but also an alkyl group 
having a substituent (substituted alkyl group). 
[0050] The compounds for use in the present invention are 
described in detail below. 

[1] Resin Capable of Increasing the Solubility in an Alkali 
Developer by the Action of an Acid (Component A) 

[0051] The resin capable of decomposing by the action of 
an acid to increase the solubility in an alkali developer, Which 
is used in the positive photosensitive composition of the 
present invention, contains a repeating unit represented by the 
folloWing formula (I): 
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(I) 

[0052] In formula (I), each of R1 and R2 represents a 
monovalent organic group, and R1 and R2 may be the same or 
different. Also, R1 and R2 may combine With each other to 
form a cyclic structure, but it is preferred not to form a cyclic 
structure. 

[0053] Examples of the monovalent organic group in R1 
and R2 include an alkyl group, a cycloalkyl group, an aryl 
group, an aralkyl group and an alkenyl group. 
[0054] The alkyl group as the organic group of R1 and R2 
may have a substituent and is preferably a linear or branched 
alkyl group having a carbon number of l to 30, and the alkyl 
chain may contain an oxygen atom, a sulfur atom or a nitro 
gen atom. Speci?cally, the alkyl group includes a linear alkyl 
group such as methyl group, ethyl group, n-propyl group, 
n-butyl group, n-pentyl group, n-hexyl group, n-octyl group, 
n-dodecyl group, n-tetradecyl group and n-octadecyl group, 
and a branched alkyl group such as isopropyl group, isobutyl 
group, tert-butyl group, neopentyl group and 2-ethylhexyl 
group. 
[0055] The cycloalkyl group as the organic group of R1 and 
R2 may have a substituent and is preferably a cycloalkyl 
group having a carbon number of 3 to 20. The cycloalkyl 
group may be polycyclic and may have an oxygen atom in the 
ring. Speci?c examples of the cycloalkyl group include a 
cyclopropyl group, a cyclopentyl group, a cyclohexyl group, 
a norbornyl group and an adamantyl group. 
[0056] The aryl group as the organic group of R1 and R2 
may have a sub stituent and is preferably an aryl group having 
a carbon number of 6 to 14, and examples thereof include a 
phenyl group and a naphthyl group. 
[0057] The aralkyl group as the organic group of R1 and R2 
may have a substituent and is preferably an aralkyl group 
having a carbon number of 7 to 20, and examples thereof 
include a benZyl group, a phenethyl group, a naphthylmethyl 
group and a naphthylethyl group. 
[0058] The alkenyl group as the organic group of R1 and R2 
includes a group having a double bond at an arbitrary position 
of the above-described alkyl group. 
[0059] Examples of the substituent Which each of the 
groups as the organic group of R1 and R2 may have include a 
halogen atom, a hydroxyl group, a nitro group, a cyano group, 
a carboxy group, a carbonyl group, a cycloalkyl group (pref 
erably having a carbon number of 3 to 10), an aryl group 
(preferably having a carbon number of 6 to 14), an alkoxy 
group (preferably having a carbon number of l to 10), an acyl 
group (preferably having a carbon number of 2 to 20), an 
acyloxy group (preferably having a carbon number of 2 to 
10), an alkoxycarbonyl group (preferably having a carbon 

Aug. 26, 2010 

number of 2 to 20) and an aminoacyl group (preferably hav 
ing a carbon number of 2 to 10). The cyclic structure in the 
aryl group, cycloalkyl group and the like may have an alkyl 
group (preferably having a carbon number of l to 10) as the 
substituent, and the aminoacyl group may have one or tWo 
alkyl groups (each preferably having a carbon number of l to 
10) as the substituent. 

[0060] The organic groups R1 and R2 may combine With 
each other to form a cyclic structure. The cyclic structure 
includes a monocyclic hydrocarbon group and a polycyclic 
hydrocarbon group. 
[0061] Examples of the monocyclic hydrocarbon group 
include a cycloalkyl group having a carbon number of 3 to 12, 
such as cyclopentyl group, cyclohexyl group, cycloheptyl 
group and cyclooctyl group, and a cycloalkenyl group having 
a carbon number of 3 to 12, such as cyclohexenyl. The mono 
cyclic hydrocarbon group is preferably a monocyclic hydro 
carbon group having a carbon number of 3 to 7, more prefer 
ably a cyclopentyl group, a cyclohexyl group or a cycloheptyl 
group. 

[0062] The polycyclic hydrocarbon group includes a ring 
gathered hydrocarbon group and a crosslinked cyclic hydro 
carbon group. Examples of the ring gathered hydrocarbon 
group include a bicyclohexyl group and a perhydronaphtha 
lenyl group. Examples of the crosslinked hydrocarbon ring 
include a bicyclic hydrocarbon ring such as pinane ring, bor 
nane ring, norpinane ring, norbornane ring and bicyclooctane 
ring (e.g., bicyclo[2.2.2]octane ring, bicyclo[3.2.l]octane 
ring), a tricyclic hydrocarbon ring such as homobledane ring, 
adamantane ring, tricyclo[5.2. l .02’6]decane ring and tricyclo 
[4.3 . l . l2’5]undecane ring, and a tetracyclic hydrocarbon ring 
such as tetracyclo[4.4.0.l2’5.l7’lo]dodecane ring and perhy 
dro-l ,4-methano-5,8-methanonaphthalene ring. The 
crosslinked cyclic hydrocarbon ring also includes a con 
densed cyclic hydrocarbon ring, for example, a condensed 
ring formed by condensing a plurality of 5- to 8-membered 
cycloalkane rings, such as perhydronaphthalene (decalin) 
ring, perhydroanthracene ring, perhydrophenathrene ring, 
perhydroacenaphthene ring, perhydro?uorene ring, perhy 
droindene ring and perhydrophenalene ring. As for the 
crosslinked cyclic hydrocarbon ring, a norbornyl group is 
preferred. 
[0063] Such an alicyclic hydrocarbon group may have a 
sub stituent, and preferred examples of the substituent include 
a halogen atom, an alkyl group, a hydroxyl group protected by 
a protective group, and an amino group protected by a pro 
tective group. The halogen atom is preferably bromine atom, 
chlorine atom or ?uorine atom, and the alkyl group is prefer 
ably a methyl group, an ethyl group, a butyl group or a 
tert-butyl group. This alkyl group may further have a substitu 
ent, and examples of the substituent Which the alkyl group 
may further have include a halogen atom, an alkyl group, a 
hydroxyl group protected by a protective group, and an amino 
group protected by a protective group. 
[0064] The organic group of R1 and R2 is preferably an 
alkyl group or a cycloalkyl group, more preferably a methyl 
group, an ethyl group, an isopropyl group, an n-propyl group, 
a cyclopropyl group, a cyclopentyl group or a cyclohexyl 
group. 

[0065] Each of R3 to R6 represents a hydrogen atom or a 
monovalent organic group, and R3 to R6 may be the same or 
different and may combine With each other to form a cyclic 
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structure. At least tWo members of R3 to R6 may combine With 
each other to form a cyclic structure, but it is preferred not to 
form a cyclic structure. 

[0066] Examples of the monovalent organic group in R3 to 
R6 include a hydroxy group, a halogen atom, a carboxyl 
group, a nitro group, an alkyl group, a cycloalkyl group, an 
aryl group, an aralkyl group, an alkenyl group, an alkoxy 
group, an alkoxycarbonylamino group, an acyl group and a 
cyano group. 

[0067] The alkyl group as the organic group of R3 to R6 may 
have a substituent and is preferably a linear or branched alkyl 
group having a carbon number of l to 30, and the alkyl chain 
may contain an oxygen atom, a sulfur atom or a nitrogen 
atom. Speci?cally, the alkyl group includes a linear alkyl 
group such as methyl group, ethyl group, n-propyl group, 
n-butyl group, n-pentyl group, n-hexyl group, n-octyl group, 
n-dodecyl group, n-tetradecyl group and n-octadecyl group, 
and a branched alkyl group such as isopropyl group, isobutyl 
group, tert-butyl group, neopentyl group and 2-ethylhexyl 
group. 

[0068] The cycloalkyl group as the organic group of R3 to 
R6 may have a substituent and is preferably a cycloalkyl 
group having a carbon number of 3 to 20. The cycloalkyl 
group may be polycyclic and may have an oxygen atom in the 
ring. Speci?c examples of the cycloalkyl group include a 
cyclopropyl group, a cyclopentyl group, a cyclohexyl group, 
a norbornyl group and an adamantyl group. 

[0069] The aryl group as the organic group of R3 to R6 may 
have a substituent and is preferably an aryl group having a 
carbon number of 6 to 14, and examples thereof include a 
phenyl group and a naphthyl group. 

[0070] The aralkyl group as the organic group of R3 to R6 
may have a substituent and is preferably an aralkyl group 
having a carbon number of 7 to 20, and examples thereof 
include a benZyl group, a phenethyl group, a naphthylmethyl 
group and a naphthylethyl group. 

[0071] The alkenyl group as the organic group of R3 to R6 
includes a group having a double bond at an arbitrary position 
of the above-described alkyl group. 
[0072] The alkoxy group and the alkoxy group in the 
alkoxycarbonylamino group as the organic group of R3 to R6 
are preferably an alkoxy group having a carbon number of l 
to 30, and examples thereof include a methoxy group, an 
ethoxy group, a propoxy group, an n-butoxy group, a penty 
loxy group, a hexyloxy group and a heptyloxy group. 

[0073] The acyl group as the organic group of R3 to R6 may 
have a substituent and is preferably a formyl group or an 
acetyl group. 
[0074] Examples of the substituent Which each of the 
groups as the organic group of R3 to R6 may have include a 
halogen atom, a hydroxyl group, a nitro group, a cyano group, 
a carboxy group, a carbonyl group, a cycloalkyl group (pref 
erably having a carbon number of 3 to 10), an aryl group 
(preferably having a carbon number of 6 to 14), an alkoxy 
group (preferably having a carbon number of l to 10), an acyl 
group (preferably having a carbon number of 2 to 20), an 
acyloxy group (preferably having a carbon number of 2 to 
10), an alkoxycarbonyl group (preferably having a carbon 
number of 2 to 20) and an aminoacyl group (preferably hav 
ing a carbon number of 2 to 10). The cyclic structure in the 
aryl group, cycloalkyl group and the like may have an alkyl 
group (preferably having a carbon number of l to 10) as the 
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substituent, and the aminoacyl group may have one or tWo 
alkyl groups (each preferably having a carbon number of l to 
10) as the substituent. 
[0075] At least tWo members of the organic groups R3 to R6 
may combine With each other to form a cyclic structure. The 
cyclic structure includes a monocyclic hydrocarbon group 
and a polycyclic hydrocarbon group. Examples thereof 
include a cyclic structure formed by combining Rb and R17+1 
(b is an integer of 3 to 5) With each other. The cyclic structure 
may further have a substituent. 

[0076] The monocyclic hydrocarbon group and polycyclic 
hydrocarbon group in the organic groups R3 to R6 have the 
same meanings as the monocyclic hydrocarbon group and 
polycyclic hydrocarbon group in the organic groups R1 and 

2. 

[0077] Each of R3 to R6 is preferably an alkyl group, a 
cycloalkyl group or a hydrogen atom, more preferably an 
alkyl group or a hydrogen atom. 
[0078] Each of m and n represents an integer of 0 to 5, and 
m+n is 3 or more. Preferably, m+n is from 3 to 5, and more 
preferably, m+n is from 3 to 4. 
[0079] R7 represents a hydrogen atom, an alkyl group or a 
4CH24OiRa group. Ra represents a hydrogen atom, an 
alkyl group or an acyl group. 
[0080] The alkyl group as R7 may have a substituent and is 
preferably an alkyl group having a carbon number of l to 5, 
such as methyl group and ethyl group. 
[0081] R7 is preferably a hydrogen atom or a methyl group. 
[0082] Ra represents a hydrogen atom, an alkyl group or an 
acyl group. 
[0083] The alkyl group as Ra may have a substituent and is 
preferably an alkyl group having a carbon number of l to 5, 
such as methyl group and ethyl group. 
[0084] The acyl group as Ra may have a substituent and is 
preferably a formyl group or an acetyl group. 
[0085] Ra is preferably a hydrogen atom or a methyl group. 
[0086] L1 represents a divalent linking group. The linking 
group is preferably a phenyl group or an ester group, more 
preferably an ester group. 
[0087] L2 represents a single bond or a divalent linking 
group. The divalent linking group is preferably an ether 
group, an ester group, a carbonyl group, an alkylene group, a 
cycloalkylene group or a divalent group formed by combining 
these groups. A single bond, an alkylene group and a iCOO 
Rt- group are more preferred. The alkylene is preferably an 
alkylene having a carbon number of l to 5. Rt is preferably an 
alkylene group having a carbon number of l to 5, more 
preferably a 4CH2i group or a i(CH2)3i group. 
[0088] The resin of the present invention having a repeating 
unit represented by formula (I) can be synthesiZed, for 
example, by a general method such as a dropping polymer 
iZation method of adding dropWise a solution containing 
other monomer species, a polymeriZable compound repre 
sented by formula (I') and a polymerization initiator (for 
example, V-60 (produced by Wako Pure Chemical Industries, 
Ltd.)) to a heated solvent over 1 to 10 hours. 
[0089] The Weight average molecular Weight of the resin 
containing a repeating unit represented by formula (I) is not 
particularly limited but is preferably from 2,000 to 50,000, 
more preferably from 3,000 to 20,000, in terms of a polysty 
rene-equivalent value measured by GPC method. 
[0090] The polydispersity (MW/Mn, sometimes referred to 
as a molecular Weight distribution) is preferably from 1.2 to 
2.5, more preferably from 1.5 to 2.0. 
[0091] Also, the resin of the component (A) for use in the 
present invention can be obtained by polymerizing only a 
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polymeriZable compound (monomer) represented by the fol 
lowing formula (I') or polymerizing it together With other _cominued 
appropriate monomers . 

V ># 

<1) * 

O O 

[0092] In formula (I'), each of R1 and R2 represents a * 
monovalent organic group, and R1 and R2 may be the same or * 
different and may combine With each other to form a cyclic 
structure. 0 O 

[0093] Each of R3 to R6 represents a hydrogen atom or a 
monovalent organic group, and R3 to R6 may be the same or 
different and may combine With each other to form a cyclic 
structure. 

[0094] L 1 represents a divalent linking group. L2 represents 0 
a single bond or a divalent linking group. O 

[0095] Each of m and n represents an integer of 0 to 5, and 
m+n is 3 or more. * 

[0096] R7 represents a hydrogen atom, an alkyl group or a * 
iCH24OiRa group. 
[0097] In the formula above, Ra represents a hydrogen 
atom, an alkyl group or an acyl group. 

[0098] p represents an integer of l to 3. 
[0099] Speci?c examples and preferred ranges of R1 to R7, 
L1, L2, m, n and p are the same as those in formula (I). 

[0100] The compound represented by formula (I') can be 
synthesiZed by general Baeyer-Villiger oxidation. For 
example, 3-hydroxy-2,2-dimethyl-cyclohexanone is reacted 
With a methacrylic acid ester derivative such as methacrylic 
acid chloride in the presence of triethylamine, and the * 
obtained compound is treated With a peracid such as m-chlo- * 
robenZoic acid, Whereby the target compound can be synthe 
siZed. O O 

[0101] Examples of the polymeriZable compound repre- O 
sented by formula (I') include monomers capable of forming 
structures corresponding to the repeating unit represented by 
formula (I), particularly the beloW-described speci?c O 
examples of the repeating unit represented by formula (I). 
[0102] Speci?c examples of the repeating unit represented 
by formula (I) are set forth beloW. 

(1) kfm 
O O O O O 0 
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(Z) 

(3) 

(4) 

(5) 

(6) 
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-c0ntinued -continued 
(11) (7) 

(12) 

(3) 

(13) 

(9) 

(14) (10) 

O 
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-continued -continued 

(15) (20) 
OMe * 

0 0 
0 

0 

0 

(21) 

>g/kjj 0 0 
0 0 

0 
CN 0 

0 * (22) 

O ># 

(17) 

* 0 0 

* 0 

0 0 
0 

OMe 

0 (23) 

0 * * 

(13) 

*/kj* 0 O 
0 0 0 

O 0 

0 

(Z4) 

(19) * 

Ki 0 O 0 

0 0 

0 

F 

0 

0 
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[0103] The content of the repeating unit represented by 
formula (I) is preferably from 1 to 100 mol %, more prefer 
ably from 5 to 40 mol %, based on all repeating units in the 
resin of the component (A). 
[0104] The resin of the component (A) is a resin capable of 
increasing the solubility in an alkali developer by the action of 
an acid, and this is a resin having a group capable of decom 
posing by the action of an acid to produce an alkali-soluble 
group (hereinafter sometimes referred to as “an acid-decom 
posable group”), on either one or both of the main chain and 
the side chain of the resin. 
[0105] Examples of the alkali-soluble group include a phe 
nolic hydroxyl group, a carboxyl group, a ?uorinated alcohol 
group, a sulfonic acid group, a sulfonamide group, a sulfo 
nylimide group, an (alkylsulfonyl)(alkylcarbonyl)methylene 
group, an (alkylsulfonyl)(alkylcarbonyl)imide group, a bis 
(alkylcarbonyl)methylene group, a bis(alkylcarbonyl)imide 
group, a bis(alkylsulfonyl)methylene group, a bis(alkylsulfo 
nyl)imide group, a tris(alkylcarbonyl)methylene group and a 
tris(alkylsulfonyl)methylene group. 
[0106] The alkali-soluble group is preferably a carboxyl 
group, a ?uorinated alcohol group (preferably hexa?uoroiso 
propanol) or a sulfonic acid group. 

[0107] The acid-decomposable group is preferably a group 
formed by substituting a group capable of leaving by the 
action of an acid for a hydrogen atom of the alkali-soluble 
group above. 
[0108] Examples of the group capable of leaving by the 
action of an acid include %(R36)(R37)(R38), %(R36)(R37) 
(OR39) and 4C(R01)(R02)(OR39) 
[0109] In the formulae, each of R36 to R39 independently 
represents an alkyl group, a cycloalkyl group, an aryl group, 
an aralkyl group or an alkenyl group. R36 and R37 may com 
bine With each other to form a ring. 
[0110] Each of R01 and R02 independently represents a 
hydrogen atom, an alkyl group, a cycloalkyl group, an aryl 
group, an aralkyl group or an alkenyl group. 

[0111] The acid-decomposable group is, for example, pref 
erably a cumyl ester group, an enol ester group, an acetal ester 
group or a tertiary alkyl ester group, more preferably a tertiary 
alkyl ester group. 
[0112] The resin of the component (A) preferably contains 
a repeating unit having an acid-decomposable group. The 
repeating unit having an acid-decomposable group is prefer 
ably a repeating unit represented by the folloWing formula 
(Al): 

(A1) 

[0113] In formula (AI), Xal represents a hydrogen atom, a 
methyl group, a tri?uoromethyl group or a hydroxymethyl 
group. 

[0114] 
group. 

T represents a single bond or a divalent linking 
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[0115] Each of Rxl to Rx3 independently represents an 
alkyl group (linear or branched) or a cycloalkyl group (mono 
cyclic or polycyclic). 

[0116] At least tWo members out of Rxl to Rx3 may com 
bine With each other to form a cycloalkyl group (monocyclic 
or polycyclic). 

[0117] Examples of the divalent linking group of T include 
an alkylene group, a 4COO-Rt- group and a iO-Rt- group, 

Wherein Rt represents an alkylene group or a cycloalkylene 

group. 

[0118] T is preferably a single bond or a iCOO-Rt- group. 
Rt is preferably an alkylene group having a carbon number of 
l to 5, more preferably a 4CH2i group or a i(CH2)3i 
group. 

[0119] The alkyl group of Rx 1 to Rx3 is preferably an alkyl 
group having a carbon number of l to 4, such as methyl group, 
ethyl group, n-propyl group, isopropyl group, n-butyl group, 
isobutyl group and tert-butyl group. 

[0120] The cycloalkyl group of Rxl to Rx3 is preferably a 
monocyclic cycloalkyl group such as cyclopentyl group and 
cyclohexyl group, or a polycyclic cycloalkyl group such as 
norbornyl group, tetracyclodecanyl group, tetracyclododeca 
nyl group and adamantyl group. 
[0121] The cycloalkyl group formed by combining at least 
tWo members out of Rxl to Rx3 is preferably a monocyclic 
cycloalkyl group such as cyclopentyl group and cyclohexyl 
group, or a polycyclic cycloalkyl group such as norbornyl 
group, tetracyclodecanyl group, tetracyclododecanyl group 
and adamantyl group. 

[0122] An embodiment Where Rxl is a methyl group or an 
ethyl group and Rx2 and Rx3 are combined to form the above 
described cycloalkyl group is preferred. 

[0123] The content of the repeating unit having an acid 
decomposable group (excluding the repeating unit repre 
sented by formula (I)) is preferably from 10 to 50 mol %, 
more preferably from 10 to 30 mol %, based on all repeating 
units in the resin of the component (A). 

[0124] Speci?c preferred examples of the repeating unit 
having an acid-decomposable group represented by formula 
(AI) are set forth beloW, but the present invention is not 
limited thereto. 

[0125] (In formulae, Rx represents H, CH3, CF3 or CHZOH, 
and each of Rxa and Rxb represents an alkyl group having a 
carbon number of l to 4.) 

I Rxa 
O 
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[0126] The resin of the component (A) preferably contains 
a repeating unit having at least one kind of a group selected 
from a lactone group, a hydroxyl group, a cyano group and an 
alkali-soluble group. 

[0127] The resin of the component (A) may further contain 
a repeating unit having a lactone group. 

[0128] As for the lactone group, any group may be used as 
long as it has a lactone structure, but the lactone structure is 
preferably a 5- to 7-membered ring lactone structure, and a 
structure Where another ring structure is condensed With a 5 
to 7-membered ring lactone structure in the form of forming 
a bicyclo or Spiro structure is preferred. The resin more 
preferably contains a repeating unit having a lactone structure 
represented by any one of the folloWing formulae (LCl -l) to 
(LCl - l 6). The lactone structure may be bonded directly to the 
main chain. Among these lactone structures, preferred are 
(LCl-l), (LCl-4), (LCl-S), (LCl-6), (LCl-l3) and (LCl 
l4). By using a speci?c lactone structure, the line edge rough 
ness and development defect are improved. 
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[0129] The lactone structure moiety may or may not have a 
substituent (RbZ). Preferred examples of the substituent (Rb2) 
include an alkyl group having a carbon number of 1 to 8, a 
cycloalkyl group having a carbon number of 4 to 7, an alkoxy 
group having a carbon number of 1 to 8, an alkoxycarbonyl 
group having a carbon number of 2 to 8, a carboxyl group, a 
halogen atom, a hydroxyl group, a cyano group and an acid 
decomposable group. Among these, an alkyl group having a 
carbon number of 1 to 4, a cyano group and an acid-decom 
posable group are more preferred. n2 represents an integer of 
0 to 4. When n2 is an integer of 2 or more, each substituent 
(Rbz) may be the same as or different from every other sub 
stituent (Rb2) and also, the plurality of substituents (Rb2) may 
combine With each other to form a ring. 
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[0130] The repeating unit having a lactone structure repre 
sented by any one of formulae (LCl -1) to (LC1-16) includes 
a repeating unit represented by the folloWing formula (AII): 

(AII) 
Rbo 

[0131] In formula (AII), RbO represents a hydrogen atom, a 
halogen atom or an alkyl group having a carbon number of 1 
to 4. Preferred examples of the substituent Which the alkyl 
group of RbO may have include a hydroxyl group and a halo 
gen atom. The halogen atom of RbO includes a ?uorine atom, 
a chlorine atom, a bromine atom and an iodine atom. RbO is 
preferably a hydrogen atom or a methyl group. 

[0132] Ab represents a single bond, an alkylene group, a 
divalent linking group having a monocyclic or polycyclic 
alicyclic hydrocarbon structure, an ether group, an ester 
group, a carbonyl group, or a divalent group formed by a 
combination thereof, and is preferably a single bond or a 
divalent linking group represented by -Abl-CO2i. Abl rep 
resents a linear or branched alkylene group or a monocyclic or 

polycyclic cycloalkylene group and is preferably a methylene 
group, an ethylene group, a cyclohexylene group, an adaman 
tylene group or a norbornylene group. 

[0133] V represents a group having a structure represented 
by any one of formulae (LC1-1)to (LC1-16). 
[0134] The lactone group-containing repeating unit repre 
sented by formula (AII) usually has an optical isomer, but any 
optical isomer may be used. One optical isomer may be used 
alone, or a plurality of optical isomers may be mixed and 
used. In the case of mainly using one optical isomer, the 
optical purity (ee) thereof is preferably 90 or more, more 
preferably 95 or more. 

[0135] The content of the lactone group-containing repeat 
ing unit represented by formula (All) is preferably from 15 to 
60 mol %, more preferably from 20 to 50 mol %, still more 
preferably from 30 to 50 mol %, based on all repeating units 
in the resin of the component (A). 
[0136] Speci?c examples of the lactone group-containing 
repeating unit other than the repeating unit represented by 
formula (I) are set forth beloW, but the present invention is not 
limited thereto. 
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[0138] (In the formulae, RX is H, CH3, CHZOH 0r CF3.) 
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6 [0139] As for the lactone group-containing repeating unit 

represented by formula (All), the repeating units shown 
1'“ below are particularly preferred. By selecting an optimal 

_(CH2_C_)_ lactone group, the pattern pro?le and the iso/dense bias are 
improved. 
[0140] (In the formulae, RX is H, CH3, CHZOH or CF3.) 
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[0141] The resin of the component (A) preferably contains 
a repeating unit having a hydroxyl group or a cyano group. 
Thanks to this repeating unit, the adherence to substrate and 
the a?inity for developer are enhanced. The repeating unit 
having a hydroxyl group or a cyano group is preferably a 
repeating unit having an alicyclic hydrocarbon structure sub 
stituted by a hydroxyl group or a cyano group. The alicyclic 
hydrocarbon structure in the alicyclic hydrocarbon structure 
substituted by a hydroxyl group or a cyano group is preferably 
an adamantyl group, a diamantyl group or a norbornane 
group. The alicyclic hydrocarbon structure substituted by a 
hydroxyl group or a cyano group is preferably a partial struc 
ture represented by the folloWing formulae (V Ila) to (V lld): 

(Vlla) 

R40 

R30 
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[0142] In formulae (Vlla) to (Vllc), each of R20 to R40 
independently represents a hydrogen atom, a hydroxyl group 
or a cyano group, provided that at least one of R20 to R40 
represents a hydroxyl group or a cyano group. A structure 
Where one or tWo members out of R20 to R40 are a hydroxyl 
group With the remaining being a hydrogen atom is preferred. 
In formula (Vlla), it is more preferred that tWo members out 
of R20 to R40 are a hydroxyl group and the remaining is a 
hydrogen atom. 
[0143] The repeating unit having a partial structure repre 
sented by formulae (Vlla) to (V lld) includes repeating units 
represented by the folloWing formulae (Alla) to (Alld): 

(Alla) 
R10 R40 

R20 

R10 

AP/ 
COO 

R20 

R40 

R30 

(AHb) 


























































































